Caveolae are 50-100 nm flask-shaped invaginations of the plasma membrane which have been implicated in a number of cellular processes including signal transduction, transcytosis, potocytosis, efflux of cellular free cholesterol, and interaction with the actin-based cytoskeleton [I]. As a consequence of their high glycosphingolipid and cholesterol content such membrane microdomains are characteristically insoluble in cold nonionic detergents (eg. Triton X-100) [2, 31. Exploitation of this property has led to the development of a simple technique for the isolation of caveolae-enriched fractions in which samples are solubilized with Triton X-100 followed by flotation of the insoluble membrane material on sucrose density gradients [2] . Here, we report the resolution of two distinct detergentinsoluble membrane bands in sucrose gradients, the lower of which was enriched several-fold in known caveolar marker proteins (inositol-1,4,5-trisphosphate-receptor, plasmalemmal Ca2+-ATPase, annexins 11 and VI) compared to the upper band.
In addition, we demonstrate the importance of the calcium concentration in the preparation of detergent-insoluble membrane fractions.
Detergent-insoluble complexes were isolated by a modification of the method employed by Lisanti et al. [2] . Briefly, porcine lung was homogenized in Mes-buffered saline (25 mM Mes, pH 6.5, 0.15 M NaCI) and used to prepare a microsomal fraction [4] . Membranes were solubilized in 2% Triton X-100, adjusted to 40% sucrose by the addition of an equal volume of 80% sucrose, and layered under a 5-30% sucrose gradient in Mes-buffered saline containing 0.5% Triton X-100. Samples were then centrifuged at 140,OOOg for 18 h. Calcium chloride (1 mM) or EGTA (10 mM) were included in all the buffers where indicated. Proteins were detected by either Western blotting with specific antibodies or enzyme activity assays [4] Optical density profiles of the resultant sucrose gradients ( Fig.  1 A) demonstrated that, in control experiments (no added CaZ+), two detergent-insoluble bands were clearly visible (fraction 4, and fractions 8-10), whereas the addition of Ca2+ (1 mM) to the isolation buffers produced a major light-scattering band in fractions 6-9. Inclusion of EGTA (10 mM) prevented formation of the lower detergent-insoluble band, which was clearly visible in control experiments. The inclusion of either excess Ca2' or EGTA in the isolation buffers had a negligible effect on the distribution of the polypeptide-anchored protein, dipeptidyl peptidase IV (Fig. 1B) . In contrast, the GPI-anchored protein, aminopeptidase P, which was present in both of the detergentinsoluble bands resolved in control experiments was present in only a single band (fractions 6-9) when membranes were prepared in the presence of Ca2+ (Fig. IC) . Caveoh, a major protein component of caveolae, which was detected in both bands in control experiments was present essentially as a single band when Ca2+ was included in the buffers (Fig. 1D) . Interestingly, this protein was also present in tiactions 3-5 when Gradmts were harvested in 1 ml fractions (fraction 0 represents the insoluble pellet, fractions 1-4 the 40% sucrose region, and fractions 5-12 the 5-30% linear sucrose gradient). A, absorbance (620 nm); B, kpeptidyl peptidase IV; C, aminopept~dase P; D, caveolin; E, annexin 11; F, annexin VI. membranes were prepared in the presence of EGTA. However, it appeared that in this instance caveolin was not tightly associated with the membrane (data not shown). Under control conditions the calcium-dependent phospholipid-binding proteins annexins I1 and VI [5] were located predominantly in the lower band (fractions 3-5) (Fig. IE & IF) . However, when CaZ+ was included in the isolation buffers both of these proteins associated with a major detergent-insoluble membrane band in fractions 6-9. In contrast, EGTA resulted in the loss of the annexins from the membranes and their subsequent recovery in the soluble region of the gradient (fractions 1-4).
In conclusion, we have subfractionated the detergent-insoluble complexes isolated from porcine lung into two fractions, only one of which is enriched in caveolar marker proteins. The enrichment of annexins I1 and VI in this lower band and the observation that the subfractionation into two distinct detergentinsoluble complexes can be altered by a change of the calcium concentration in the isolation and solubilization buffers suggests that annexins may be critically involved in the formation and function of caveolae.
